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Medical literature contains many references to cancer of the mouth
in betelnut chewers. This sequence of events is cited in illustration
of malignant growth developing as a result of chronic irritation (injury)
of tissue. Statements regarding this subject are based largely on

observations made in India, Africa and some of the islands in the
Pacific Ocean. The receipt in the pathological laboratory of Siriraj
Hospital of specimens of cancer of the lip from persons using betelnut,
suggested an investigation of this question in Siam where the habit
is exceedingly prevalent. It was soon found that the scarcity of
systematic records in this country makes an extended statistical study
of cancer impossible, but, as in other countries, very much that cannot
be reduced to exact figures may be learned. The subject was accord-
ingly taken up in a somewhat broader way, and this promptly led to
the realization that another of its phases is of more practical importance
than is its relation to cancer.

As a part of this study, I sent a questionnaire to twenty-five physi-
cians, including those at the various Mission stations, and the replies
thereto represent all parts of the kingdom. Much of the data contained
in this paper was furnished by these colleagues, for whose aid I am

very grateful.
Except in the larger cities, nearly all adult Siamese chew betelnut.

Exceptions in the cities occur among those who have been in foreign
countries or who have attended advanced Siamese or foreign-taught
schools. In some of the provinces there is said to be a decrease in the
habit in the younger generation, but this is not in all instances clearly
demonstrable ; in Bangkok it apparently is true. It is said that habitual
users in the south chew much greater quantities than do those in
northern Siam. Chewing is more nearly universal among women than
among men and, in general, women chew more of the substance. Some
of the large numbers of Chinese here are addicted but the majority are

not ; among them, women chewers are less numerous than are men.

Betelnut chewing, as practised here, is a very complex procedure.
In making up what tobacco devotees call a "chew," people use many
substances. Of these at least four are of recognized medicinal value,
thus contributing to the medical feature of the subject.
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 .-THE INGREDIENTS EMPLOYED

1. The leaves of Chavica betel or Piper betel, commonly called betel
leaf (colloquially, plue or ceri leaf). These are glossy green, ovate
leaves, from 3 to 5 inches long and from 2 to 4 inches wide; they
have a burning, aromatic, bitter taste. They are obtained from a vine
that is grown on plantations in the shade of small trees planted for
that purpose. The vine is sturdy and grows to from 8 to 12 feet tall.
The leaves are ready for use when the vine is 1 year old, and are

gathered as they attain proper size for about four years when the plant
has to be replaced.

Writers differ as to the essential principles of the leaf. Khory and
Katrak 1 say that it contains betel oil and chavicol, the latter obtained
by treating betel oil with caustic alkali. The juice of the leaf, they
say, is a stimulant, carminative and antiseptic. It is given in cases of
flatulence, fetor of the mouth, dyspepsia and colic. They claim that
chavicol is a powerful antiseptic, five times stronger than phenol.

Kirtikar and Basil2 say the leaves are used in India for many pur¬
poses, as the juice is aromatic, carminative, stimulant and astringent,
and. is regarded as a valuable stomachic. For this reason, ancient Hindu
writers recommended taking it "early in the morning, after the morning,
after meals and at bedtime." In catarrhal and pulmonary affections,
the leaves are smeared with oil, warmed and applied over the chest
to relieve cough and dyspnea. These writers state that recent analyses
by workers in India revealed phenols and terpene-like bodies but failed
to detect chavicol.

2. The nutlike seed of Areca catechu, commonly called the betelnut
palm. The only reason I have found for giving it the latter name is
that the nut is chewed with the betel leaf, and from this has acquired
the name of betelnut and the tree that of betelnut palm. Literally,
there is no such thing as betel "nut" but the name is so common that
it would be unwise to attempt to change it. I use the term betel many
times in this paper as a shorter word but not with the idea of sup¬
planting the older name. The fruit is nearly two inches in diameter,
with a thick green husk and orange colored kernel. This ingredient,
including the kernel and the inner layer of the covering, is preferably
used fresh, but much of it is preserved by opening and drying.

The kernels are said to contain catechu, tannic and gallic acids, oily
matter, gum and several alkaloids, the chief of which is arecoline.
Khory and Katrak say the fresh nuts are intoxicating and cause giddi¬
ness. (That this is the effect on beginning chewers is common knowl¬
edge.) Dried ones are a gentle stimulent, astringent and tenifuge.

1. Materia Medica of India, 1903.
2. Indian Medicinal Plants, 1918.
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They increase the flow of saliva, lessen perspiration, sweeten the
breath, strengthen the gums, remove bad tastes from the mouth and
produce mild exhilaration. They are recommended in cases of intes¬
tinal worms and dysentery. In its action arecoline resembles pelletierine
or pilocarpin ; as a myotic it resembles physostigmin. The powder
obtained by calcining the nut is known as areca charcoal and is used
as an ingredient of a tooth powder.

Kirtikar and Basu say that chewing the dried nut produces a stimu¬
lating and exhilarating effect. They quote Dr. Waring as stating that
the claim of its being an anthelmintic is hardly to be supported because
intestinal worms (lumbrici) are almost universally present in Hindus
and Burmese who chew it. In Borneo the fragrant flowers of the tree

are mixed with medicines and used as charms for the cure of many
diseases.

3. Black catechu or cutch. This is the extract of the wood of Acacia
catechu (Siamese sisiet tree). Dey3 describes it as an astringent and
tonic of value in diarrhea, sponginess of the gums and mercurial saliva¬
tion. It is said to be more powerful than pale catechu from Uncaria
gambier. This substance appears to be used in the northern part of
Siam more than in the south.

4. Root of Curcuma aromatica or wild turmeric. This plant is said
to contain a volatile oil, resin, starch, sugar, gum and curcumin, a yellow
coloring matter. It is used in medicine as a stomachic, stimulant,
carminative and tonic. As a masticatory, the powdered root is mixed
with lime (paragraph 5) and enough water to make a paste which
becomes red in color, possibly due to oxidation.

5. Lime.—This is of the ordinary slaked variety (limestone) or

from shells. The use of one or the other apparently depends largely
on locality. This substance is mixed with the turmeric and water to
form a thick red paste, the usual way, or by some it is used as a

powder without the turmeric. The lime is used to counteract the "hot"
and astringent taste of the betel leaf.

6. Tobacco.—This is raised in northern Siam. "The leaf is of a

peculiarly fine texture. A large portion is used for chewing, mixed
with the areca nut and betel leaf. Foreign tobacco is never used in
this way."*

7. Minor ingredients, such as camphor, cloves, sen-sen, tea leaves,
and chestnut tree bark are added by some persons according to their
taste. The use of such substances varies to some extent in different
parts of the country and appears to be partly a question of local custom.

3. Indigenous Drugs of India, 1896.
4. Carter : The Kingdom of Siam, 1904.
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The chief or staple ingredients, therefore, are betel leaf, areca nut,
black catechu, lime-turmeric paste and tobacco. Four of these without
including tobacco, have medicinal qualities. In physiologic action three
of them are astringent. Other attributes possessed by or claimed for
the substances collectively are those of carminative, tonic, stomachic,
antiseptic, sialagogue, antidiaphoretic vermifuge and dentifrice. The
effect of the mixture when chewed is moderately stimulating and
exhilarating. The effect on the beginner is something like that of using
tobacco the first time ; giddiness and faintness occur but not nausea.

B.-METHOD OF USING

This varies considerably. When lime paste is used, a small quantity
is spread on the central portion of a fresh green betel leaf. To this
are added the other ingredients, or certain ones only, or none at all.
The leaf is then rolled into an elongated cone, about three inches in
length and less than one-half inch in diameter at the large end, if the
areca nut has not been included. The prepared leaf is then taken into
the mouth, followed by the areca nut or tobacco or catechu or all
these, and any other desired substance that has not been wrapped in
the leaf. Older people without teeth often put all the ingredients into
a tube with a movable bottom and mix or rather tamp them together
with a plunger. The mass is then pushed out at the top and taken
into the mouth.

Actual "chewing" varies with different persons much as it does
with tobacco users. Some chew actively and use from fifteen to thirty
preparations per day; exceptional cases of persons who use from fifty
to eighty preparations daily are reported. Other users are more moder¬
ate, the mass often being held for some time between the teeth and
the lower lip, either in the midline or toward one angle of the mouth ;
some keep it more within the cheek. Most people expectorate the
large quantity of saliva that collects with the juice, the mixture being
a fluid of deep brownish-red color. (On clothing this makes a stain
that is removed with great difficulty.) Some persons, especially those
who chew unostentatiously, like some users of tobacco, swallow a part
of the saliva.

C.-LOCAL EFFECTS OF BETELNUT CHEWING
In the habitual chewer, the lips and tongue and, to a lesser degree,

the mucosa of the cheeks are colored brownish-red. Castellani and
Chalmers 5 speak of a condition that might be called red or purple
tongue which may be puzzling to a medical man newly arrived in the
East until he finds that it is due to chewing betel. They say the pig¬
mentation slowly disappears when the natives discontinue chewing.

5. Manual of Tropical Medicine, 1919.
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The tongue may remain smooth but often it becomes very dark in color
and the margins dry and rough or even cracked. I have seen a con¬

siderably roughened tongue in a girl, aged 13 years, who had been chew¬
ing for only one year. The lips of some chewers become very rough.
It is not uncommon to see women with the mucosa of the lower lip
(which may be thickened and everted) entirely denuded and roughened
by quite deep furrows. Such mucosae are dry rather than inflamed
and exudative. The upper lip is affected to a much lesser degree.
The entire mucosa of the mouth undergoes a more or less marked
change which may, perhaps, appropriately be described as tanning.

The teeth become very dark brown or almost black in color. This
is due to a deposit of the colored lime (so-called calcium concretion)
which collects on the teeth. This begins on or near the extremity of
the tooth and finally covers over the entire crown, unless it be the
points of cusps. Actual "staining" of the teeth does not seem to occur;
at least in those teeth which I have examined the enamel is intact and
perfectly white when the concretion is removed. As a rule, the concre¬

tion is very closely adherent and has to be removed with a knife. On
some teeth the deposit has a dull, rough surface, but on others, or on

parts of them, it is smooth and has a shining luster like polished ebony.
The thickness of this deposit varies. On the biting surfaces it is usually
quite thin if the teeth are in actual use. If they do not meet because
the opposing ones are out or are loose, it may become very thick. Occa¬
sional teeth are found with a deposit on the end thicker than the length
of the crown itself.

On the sides of the teeth, the deposit, in many instances, becomes
quite thick. Occasionally, the space between contiguous teeth is filled
in, converting two or more into a solid mass. If the gum separates
from the neck of the teeth and they become loose, the deposition con¬

tinues downward on the root, as it is gradually exposed by atrophy of
the alveolar processes and consequent lessening in depth of the socket.
In this way, it finally covers a large part of the root. Measurements
of a few teeth extracted when almost loose enough to fall out will give
an idea of the surprisingly short portion of some roots left uncovered
by concretion. The first number given is the length of the entire tooth ;
the second number is the length of the uncovered portion of the root
from the lower edge of the concretion to the tip. A. 20 mm., 5 mm. ;
B. 28 mm., 6 mm. ; C. 27 mm., 2 mm. ; D. 25 mm., 10 mm. ; E. 18 mm.,
3 mm. (See illustration). All these are teeth with single roots, incisors
and canines. One molar has a concretion covering the external surface
of one root to its very tip and forming a mass 5 mm. broad at the
extremity. The other two roots are about half covered ; the entire
crown is encased. The larger part of this particular concretion is gray
in color.
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The lower border of the concretion on many teeth, like those
described, or even when it extends only to the neck or slightly below,
is rough. Some extending downward on the roots taper to almost knife¬
like thinness. Most of the latter for the lower few millimeters of
their length are 1 or 2 mm. distant from the tooth. Just what was
in this space between tooth and concretion while the latter was being
formed is not entirely clear ; the opinion of dentists is that it was a

portion of the receding gum which had kept close to the tooth as it
was carried downward by atrophy of the alveolar process beneath
and pressure by the concretion above. I am unable either to verify or

Teeth (from different persons) which became loose and were extracted.
Those in the upper rows with the cusps showing white had opposing teeth ;
those with entirely dark crowns, as in the lower row, had no opposing teeth
and show very thick deposit on the ends as well as on the sides. Note the
very short portion of some roots left uncovered by concretion. Teeth like
those on the extreme right and the second tooth from the left in the lower row
lend weight to the view that concretions press down the gum. The tooth on
the extreme right of the middle row and the tooth on the left in the lower
row have spaces between the concretion and the root, this not being well
shown in a side view.

The light mark on the fourth tooth in the middle row was made in an

attempt to saw the tooth lengthwise ; the enamel under the concretion proved
to be harder than the saw. The concretion on the second tooth from the left
in the middle row is the only one not colored ; it looks like fine gray lime¬
stone. From the light areas on the third and fourth teeth in the upper row,
the concretion was scraped away with a knife.

disprove this. These projecting rough concretions must be a continual
source of irritation to the surrounding tissue. They explain very
definitely the statement of one physician that it is impossible to cure

pyorrhea and clear up foul gums until these concretions have been
removed.
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The unanimous statement of physicians and dentists (and the laity)
is that betel chewing prevents decay of the teeth. This is abundantly
substantiated by the conditions found. One says "Actual decay of
the teeth is practically unknown among these people." The covering
of the teeth by the dense, polished, intimately adherent concretions
apparently protects them. Whether the action of the chewed sub¬
stances themselves on teeth unprotected by deposit prevents caries is
difficult to say because such teeth in chewers are not numerous. Some
believe that this is true, and that moderate chewing without deposit is
beneficial to the teeth. I do not know that this has been demonstrated
in such a way as to warrant the positive statement. However this may
be, the statement can be made that so far as caries is concerned, betel
chewing, as popularly indulged in, is a preservative of the teeth. I
believe this is the only favorable statement that can be made about it.
If used to a limited degree as a dentifrice only, with frequent removal
of the lime from the teeth, the gums and teeth might be benefited,
although I cannot conceive of any one using it for this purpose alone.

Opposed to this preservative action as regards caries is the fact
that the loss of sound teeth is very common among betel users. That
pyorrhea is prominently, implicated in this is indicated by these state¬
ments in my reports : "Pyorrhea is very prevalent ; the teeth are usually
loosened" ; "pyorrhea practically universal" ; "teeth are loosened by
•pyorrhea and retraction of gums" ; "very little decay, very much
loosening"; "chronic condition of pus discharging sockets for years";
"dental caries very rare. Loosening of the teeth very common" ;
"a native may have lost all his teeth by 50 years of age or less" ; "little
or no decay of the teeth. The gums receding the teeth project and may
be removed with the fingers" ; "a distinct preservative from decay, even
if a tooth is badly broken, but teeth are loosened by pyorrhea and
retraction of gums" ; "many people at 40 are quite devoid of teeth."

Some of these statements are not as definite as could be desired,
but the only conclusion to be drawn from them as regards pyorrhea
is that this condition is exceedingly common. Quite dissimilar to this
are the findings of Dr. H. R. Day, dentist at the Chulalongkorn Hos¬
pital, who states that of the many loose teeth extracted by him, not
more than 10 per cent, exhibit pyorrhea. For this discrepancy in find¬
ings I think there can be invoked at least three reasons : ( 1 ) The well
known difference of opinion among physicians and dentists as to exactly
what constitutes pyorrhea alveolaris. How much separation of gums,
how much pus, how much looseness of teeth, etc., must be present as a

basis of diagnosis? (2) Lack in many cases of special examination of
persons' mouths with the points raised in this paper definitely in mind.
(3) The possibility that in some instances of very loose teeth with very
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shallow root sockets due to atrophy of the alveolar processes, pyorrhea
may have been present earlier and disappeared as more thorough drain¬
age was established by this lessening in depth. For this reason, I do
not believe that the question of pyorrhea can be settled by a study of
these very loose teeth. This view has been further strengthened by
my observation of earlier cases, although relatively few in number.
Of twenty-seven persons whom I have examined, six had distinct
pyorrhea and eight more a condition that might by some be termed
an early stage of that process, but which conservatively had best be
excluded. Four of the six who had pyorrhea, and five of those who
did not, had one or more loose teeth; all of the latter series were in
those with possibly early pyorrhea.

The importance of this point is not whether pyorrhea loosens teeth,
because it does, but what percentage of the teeth becoming loose in
betelnut chewers is the result of pyorrhea, and what percentage is the
result of other factors strongly emphasized by some physicians and
dentists? Among these factors are: (1) The mechanical pressure of
concretions on the gums and alveolar processes, causing the latter to

atrophy and the former correspondingly to recede. According to this
view, the sockets progressively become shallower and the teeth become
loose because they are deprived of support. (2) Shifting of the line of
pressure by opposing teeth from vertical to diagonal because of con¬

cretions forming unequally on them. The direction of this secondary
line of pressure varies from time to time as the concretion is building,
and finally the tooth is loosened.

The limited number of cases I have studied has given me the
impression that loosening of the gums from the teeth and infection
between the two is quite common before concretions are large enough
to cause notable pressure. In occasional cases, there has been shrink¬
ing and separation of the gums when the deposit extended only half
way from the extremity of the tooth to the gum. In those cases in
which there is a thin layer of deposit extending beneath the level of
the gum, the inference must be that separation of the gum first occurred
or the deposit could not be between it and the tooth. In this con¬

nection the statement of Tomes 6 made years ago is pertinent. In dis¬
cussing the relation of tartar to pyorrhea alveolaris (of course, in
people not chewing betelnut) he says, "One of the earliest indications
of the advent of this state of things is a thickening and rounding of
the edge of the gum, which ceases to be closely adherent to the neck
of the tooth." He states that the dark tartar found between the edges
of the gums and the teeth could not have gotten there until the gum
had begun to peel away from the necks of the teeth. I have received

6. Dental Surgery, 1887.
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this impression regarding the thin lime concretions seen in many
cases of loose gums. However, it has not been my good fortune to
see advanced cases with teeth hanging only by the tip, and with mas¬

sive concretions like those shown in the accompanying illustration.
Possibly, in those cases the mechanical feature of pressure would
appear much more prominent.

I believe that the exact mechanism of loosening of the teeth (the
same as the incidence of pyorrhea) cannot be determined from a study
of advanced cases alone. These questions as to the frequency and
effect of pyorrhea and the other possible factors in loosening the teeth
can be solved only by long and careful study of many cases of various
degrees (especially the early cases) of involvement, including repeated
examination of the same persons at intervals of months or years. Now
we can only say that a large percentage of betel chewers lose their teeth,
but that the mechanism by which this loss occurs is not well understood.

The loosening and loss of teeth, from the standpoint of digestion
and nutrition, is serious, and if this result of betel chewing can be
lessened or prevented, the question is of great practical interest to any
country whose people indulge in the habit. Cleaning of the teeth,
the same as for those who do not chew, would seem to be of prime
importance. I am informed that those who do this thoroughly, with
certain preparations, do not so surely loose their teeth. This is a point
to be investigated by physicians, and recommendations should be made
to users. If the separation of gums from the teeth by the astringent
action of the substances used is a primary effect, the way is paved for
infection or for absorption of peridental structures, and simple cleansing
in itself cannot be of great efficacy in saving teeth. Possibly, some other
prophylactic may be of use. If, on the other hand, the loosening is a

mechanical process in which the deposit of concretions is the primary
factor, frequent and thorough cleansing, to prevent the accumulation
of lime, would naturally be the indication. A comprehensive study of
the whole subject appears very desirable.

C.-CONSTITUTIONAL EFFECTS

As to digestive or other constitutional effects of betel chewing per se,
most observers agree that these are slight. A few observers speak of
fairly common digestive disturbances among the Siamese people (in
the opinion of one—starch indigestion), and of a suspicion that this
is an indirect effect of the substances chewed or of the saliva that is
swallowed. (It would be interesting to note whether this occurred
especially in persons with loose and tender teeth. Constipation as an

effect is mentioned by one observer only ; some say this is a noteworthy
condition only in old people who do not take exercise. Dr. R. W.
Mendelson, acting medical officer of health of Bangkok, states that the
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observation of more than 40,000 patients in their hospital clinic has led
him to believe that betel chewing has no untoward digestive effect ; his
findings in the gastro-intestinal tract postmortem have confirmed that
belief. My own experience in nearly 200 postmortems here has led
to a similar conclusion. Although no microscopic study has been made
of the stomach and intestines in all cases, the gross appearances cer¬

tainly have not been suggestive of disease. Of course, these negative
findings would not exclude the possibility of clinical manifestations.

Rho 7 says that the use and misuse of the elements employed in
chewing may appear unappetizing, but damaging effects do not follow.
Castellani and Chalmers state that in the young the habit may possibly
be the cause of diseases of the heart and nervous system. Most of
my correspondents say that their observations have not led them to
believe that betelnut chewing causes any untoward digestive or nervous
or circulatory symptoms.

As to the general effect on the body of pyorrhea as an infection,
much might be said. I do not intend to discuss that problem in any
detail. However, it is an infection, and an infection at any point in
the body can exert an influence elsewhere. One physician writes :

"There is much so-called rheumatism in this locality. Some of it is
without doubt gonorrheal arthritis. I am convinced, however, that
more than half the number of cases are from other causes, and the pus
foci around the loosened teeth are open to suspicion." Whatever may
be said, in general, about pyorrhea alveolaris applies to that condition
in betel chewers.

D.-THE BACTERIOLOGY OF BETELNUT CHEWING

This study early led me to note the discrepancy between the claim
of antiseptic properties for the betelnut mixture and the condition of
the mouths of users as described by my correspondents and seen by
myself. Theoretically, the mixture employed should be, at least, mildly
antiseptic; practically, foulness of the mouth and suppuration are very
common. This suggested a bactériologie study of the mouths of betel
chewers. With the permission of Director Luang Ayura Bhatt, exam¬

inations were made of twenty patients in the medical, surgical and
obstetric wards of Siriraj hospital. The results were so uniform, that
it seemed unnecessary to examine a greater number to determine what
we wished to know. In this work I was ably aided by Khun Traiki-
sayanukara and Nai Thieb, and it is a pleasure here to acknowledge
their help.

The study included a general inspection of the mouths and gums
and teeth for decay and looseness. Inoculations were made from the

7. Mense: Tropenkrankheiten, 1914.
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margin of the gums between the teeth or from pockets around loose
teeth. Spreads were also made for staining, and in fifteen of the cases

enough exúdate was obtained from the gums or around the teeth to
make fresh specimens for microscopic study. From six of the persons
a specimen of the red colored saliva was obtained in sterile Petri dishes.

The results of these examinations may be summarized thus :

Persons examined, 20.
Sex: Women, 15; men, 5.
Age : From 13 to 54 years.
Condition of mouth (gums): Clean, 5; moderately foul, 6; very foul, 9.
Lower lip : Cracked, rough and dry, 3.
Gums: Shrunken (contracted) to varying degrees, 20; loose from one or

more teeth, varying degrees, 17.
Teeth: Entirely black, 19; bases not black, 1; one or more loose, 9; decayed,

one molar.
Pyorrhea alveolaris: of various degrees, 6; probably beginning, 8.
Amebae (Endameba gingivalis) : In 9 of 15 fresh specimens.
Polynuclear leukocyte exúdate around teeth, 17.
Bacteria: 1. Spreads from gums, cocci in 20; bacilli in 20; spirochetes in

20; fungi in 1.
2. Inoculations from gums, positive in 20; cocci in pure culture in 6; cocci

and bacilli in 14; streptococcus in 1; pneumococcus in 1; cocci predominant
in 12. Dominant coccus, Staphylococcus pyogenes aureus.

3. Saliva (six specimens) : Growth from 6; cocci in 3; cocci and bacilli in 3.

From this it will be seen that the mouths of betelnut chewers possess
a rich bacterial flora, not exceeded by those (even with pyorrhea) who
do not chew. No special attempt was made to isolate and identify the
various organisms because an intensive study of the varieties was not
an aim. One object was to determine if bacteria, spirochetes and
amebas, thrive in the mouth in the presence of the substances chewed
and kept within it almost constantly by the users of betelnut. This
surely can be answered in the affirmative. Cocci were present, often in
great numbers, in every case. The bacilli, also present in every case,
were of various types, including some of the large nonpathogenic forms.
Spirochetes (S. dentium and 5". buccalis) were present in every case,
often in tremendous numbers. Amebas were present in more than
one-half the specimens examined for them. These findings do not
indicate antiseptic properties of betelnut. A second point of inquiry is
really only a variation of the first, namely, has the red colored saliva
of the chewer any antiseptic or bactericidal properties. As the saliva
and juice collect in the mouth, the mixture is supposedly contaminated
by the bacteria on the gums and around the teeth. This supposition
was shown to be correct by the abundant growth obtained from inocula¬
tions of all six specimens.

In connection with the sixth specimen, the question arose as to what
would be the effect on the contained bacteria of continued presence in
this juice. Inoculations were made from it after the lapse of twenty-
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four, seventy-two and ninety-six hours. Each culture gave an abundant
growth of cocci and bacilli, the same as developed from inoculation
immediately after the specimen was obtained. This showed that these
bacteria had lived in the mixture for four days, apparently with
undiminished powers of growth. During this time, evaporation had
occurred, and at the end of the ninety-six hours the specimen was only
a mass of dry reddish granules. This result indicated that the betelnut
mixture possessed no bactericidal properties. To support this conclu¬
sion, saliva was obtained from five other chewers. Each gave a growth
of cocci and bacilli when obtained and also twenty-four and forty-eight
hours thereafter. Two cultures had then developed molds and could
not be used further, but the remaining three cultures gave a similar
bacterial growth from inoculations made after the lapse of ninety-six
hours.

To still further test the betelnut, a "chew" was purchased and
macerated in a sterile mortar. Inoculations from the expressed juice
remained sterile. Enough sterile water was added to make a thick red
fluid and some of this was poured over an agar slant and some into
a tube of bouillon. Both were proved sterile and then the agar slant
was inoculated from one of the specimens of saliva; in twenty-four
hours the red surface showed a heavy growth of bacteria. This
betelnut-agar tube was kept for one week, part of the time in the incu¬
bator, part of the time at room temperature, and then an inoculation
was made from it ; that the bacteria were still living was shown by an

abundant growth. A spore forming bacillus had also developed at
one point.

The tube of bouillon colored red by the betel juice was inoculated,
and in twenty-four hours was made turbid by a growth of bacteria sim¬
ilar to those placed in it. The turbidity increased the following two
days, and six days later the bouillon gave a positive culture, proving
that the bacteria had lived that long in the betelnut bouillon.

From these studies of persons' mouths and of betelnut, we reached
the conclusion that if antiseptic properties are possessed by any of the
ingredients used in betel chewing, such properties are not manifested
in a demonstrable way in the mouths of chewers or in the expressed
juice of the substances employed. This is in complete accordance
with the clinical findings of frequent pyorrhea, which theoretically
should not occur if the substances chewed were inimical to the growth
of bacteria. Betelnut chewing causes retraction and separation of the
gums from the teeth and the deposit of concretions. The first cer¬

tainly and the second probably furnishes physical conditions favorable
to peridental infection ; there appears to be no actual antiseptic nor

bactericidal action of the substances to prevent such infection occurring.

Downloaded From: http://archinte.jamanetwork.com/ by a University of Iowa User  on 06/18/2015



E. RELATION OF BETELNUT CHEWING TO CANCER OF THE MOUTH

That this habit causes chronic irritation of the lips and mouth which
predisposes to malignant epithelial growth is a quite common belief,
though some writers are indecisive in their statements.. Coplin 8 says
"Persistent or long continued irritation seems to favor the development
of tumors belonging to the epithelial group" ; as one example of this
is cited epithelioma due to chewing betelnut. Ewing,9 in discussing
this question, says: "Nevertheless, it is clear, as in Kangri-oven and
betelnut cancer of African natives, that local and general predisposition
may be ignored, since the tumor develops wherever the irritant is
effectively applied." Castellani and Chalmers, in speaking of the betel¬
nut chewing habit in the East, take a rather neutral ground by
stating that "the irritation may be the cause of the commonest cancer

of old people in these parts." Scheube 10 comments thus : "The fre¬
quency of cancer of the mouth (lips, mucosa of cheeks, tongue, jaw) in
British India is referred to the chronic irritation of betelnut chewing."

During my seventeen months in Siam, I have studied microscopic¬
ally three specimens of cancer of the lip sent from the operating room
of Siriraj Hospital. All were from betelnut chewers, although one, a

Chinese man, is recorded as chewing betelnut moderately and smoking
Siamese cigarets almost constantly; this case, therefore, might seem
to be partly a "smoker's" cancer as well as a "betelnut chewer's" cancer.
In this case, portions of both lips were removed, the lower presenting
a warty elevation 2.5 cm. long, the upper a grayish, smooth, slightly
elevated area. The growth on the lower lip proved to be largely a

papilloma with early carcinomatous infiltration at the base; the upper
lip presented simply thickening of the epithelium with hyperkeratosis.
A second specimen was a warty growth, 2 by 1.2 cm., on the lower
lip of a siamese woman, aged 47 years. This also was a papilloma with
at points a beginning squamous cell epithelioma. The third specimen
was from a Siamese man, aged 54 years, who had a rough, slightly
elevated growth on the lower lip,—microscopically a papilloma with
early carcinomatous extension.

It will be noted, that all three specimens were advanced or distinct
papillomas, with only early, but also distinct, carcinomatous transfor¬
mation, the so-called papillary cancer. This type of growth appears to
be quite frequent in this country in connection with the skin and the
mucocutaneous borders. That is, there is an extensive papillary growth
preceding actual malignant extension, although presumably the latter

8. Manual of Pathology, Ed. 5, p. 306.
9. Neoplastic Diseases, p. 460.
10. Die Krankheiten der Warmen L\l=a"\nder,p. 842.
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finally occurs in all of them. From the clinical standpoint, surgical
removal, even when the growth is large, should result in a large per¬
centage of cures because of the slight infiltration by the tumor.

In addition to these three operative cases, two persons with cancer

of the mouth have within the past few months presented themselves
at the hospital outpatient department. One of these I saw. The patient
was a man, aged 61 years, who had chewed betelnut since he was a boy,
holding the mass in the left cheek. His teeth had loosened and all
fallen out before he was 30 years old. The tumor was an extensive
one, involving the left cheek and jaw, and presenting on the external
surface as a mass 3 cm. in diameter. The other case was one of an

ulcerated tumor of the cheek and jaw in an elderly woman. It will
be noted that two of these five subjects were women.

Regarding the frequency of tumors elsewhere in the body, the
following statement can be made : During the period in which the
above three specimens of cancer of the mouth were removed, there
were sent from the hospital operating room thirty-two other tumors, of
which twenty were malignant and twelve benign. The postmortem
service for the same period yielded eleven tumors, eight malignant and
three benign.

Through the courtesy of the director, Colonel Phra Sakda, I am
enabled to give the statistics of cancer in the Chulalongkorn Hospital
of Bangkok for the past six years. They are as follows :

Total number of cases of cancer operated on in hospital, 102.
Sex: Men, 55, or 54 per cent.; women, 47, or 46 per cent.
Cancer of lower lip, 52 cases.
Cancer of tongue, 2 cases.
Cancer elsewhere in body, 48 cases.

Sex, cancer of lip : men, 29, or 56 per cent. ; women, 23, or 44 per cent.
Sex, cancer of tongue : men, 1 ; women, 1.
Sex, cancer elsewhere in body : men, 25, or 52 per cent. ; women, 23, or

48 per cent.

From this it will be seen that cases of cancer of the lip and tongue
comprised more than one-half the total number, an unusual proportion.
Virtually all the patients, men and women, had chewed betelnut for
many years, the average age being 48 years. Colonel Phra Sakda
regards as very significant the fact that in all cases of cancer of the
lip, the lower lip was involved, this being the one most injured by
betelnut. There are also very few cases of cancer of the tongue, the
organ often affected in smokers in other countries.

To me a most suggestive point is that of sex. Statistics from
countries in which the people do not chew betelnut show rather
uniformly that at least 90 per cent, of cancers of the lip are in men.
In this series of cases of cancer in betelnut chewers, 56 per cent, were
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in men and 44 per cent, in women, a very striking difference. Of
course, this does not prove that the 34 per cent, increase above the
average for women was due to betelnut chewing. But to what other
factor shall it be ascribed? These statistics appear fully to justify the
opinion of Colonel Phra Sakda that betelnut chewing is a predisposing
cause of cancer of the lip.

As to the frequency of cancer of the mouth in betelnut chewers
throughout Siam, the accompanying table summarizes the findings
and opinions of a number of physicians in various parts of the country.
Most of the figures given are admittedly from memory instead of actual
records, and are to be taken in their general significance rather than as

accurate statistics.

Frequency of Cancer of Mouth in Betelnut Chewers in Siam

Physician

1.
2.
3.
4.
5.
ti.
7.
8.
9.

10.
 .
12.
IS.
14.
15.
Ili.

E. C. O.
O. H. C.
W. H. B.
E. W.
L. C. B.
E. B. M.
M. E. B.
T. H. H.
A. E. B.
R. W. M.
J. W. M.
G. B. M.
T. D.
W. B. T.
C. C. H.
P.S.

Tears of
Observa¬

tion

12
16

ß
3:3

4
18
3

34

30
21
m
28
20

Cancer
oi

T. i  

Cancer
of

Cheek

5
None
None

2
3

25
1

None

5
None
None
None

1
50

None
None

1

Cancer
of

Tongue

Probably a dozen
About fifte«n

About half a dozen
About half a dozen
About half a dozen

Chaulalongkorn Hospit

1
None
None
None

1
None
None
None
None
None

Cancer of
Mouth in

Nonchewers

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

Does Betel
Chewing
Tend to

Cause
Cancer

No
No
No
No
No
Yes
No
No
No
No
No
Yes
No
No
No
Yes

The question answered in the table was : "Have your observations
led you to believe that betelnut chewing is irritating and tends toward
the production of cancer of the mouth?" As thirteen of the sixteen
answered this question in the negative, a large majority (81 per cent.)
is opposed to the view that betelnut chewing causes cancer. But the
opinion of one of the three constituting the minority is based on the
Chulalongkorn Hospital statistics, the most detailed and significant of
them all. Another of the minority is a dentist as well as a physician,
and he has specially noted the changes in the mouths of chewers. The
third reports many more cases of cancer than the combined numbers of
the thirteen joining in the majority opinion.

In the light of the foregoing, what statement is to be made regard¬
ing betelnut chewing as a cause of cancer in the people of Siam?
One thing is plain, namely, that cancer of the mouth in betel chewers is
not frequent enough to have brought it definitely as such to the notice
of the majority of the medical profession throughout the country.
Therefore, if there is the relation of cause and effect between the two,
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it is not apparent to casual observation but must be demonstrated by a

special study of the problem and the gathering of statistics. Does the
information presented in this paper furnish such demonstration? I
think it does not—because it is insufficient in extent. On the other
hand, in view of the lack of accurate records by so many of the
physicians, and the very significant statistics of the Chulalongkorn Hos¬
pital, it surely cannot be said that the opposite has been demonstrated.
I believe that the burden of proof is in this instance on the majority.
Whether or not this be a just view, the question cannot be answered
finally until there has been, for many years, accurate observation and
recording of all cases of cancer of the mouth (and of all other parts
of the body) throughout the Kingdom.

SUMMARY AND CONCLUSIONS

1. Betelnut chewing is a well-nigh universal habit of the Siamese
people.

2. Decay of the teeth is prevented almost completely, apparently by
the deposit of concretions.

3. Neither antiseptic nor bactericidal action on the flora of the
mouth is exerted by the substances chewed.

4. Direct constitutional effects of the habit appear to be negligible.
5. Betelnut chewing leads to chronic changes in the mucous mem¬

brane of the mouth, recession of the gums, pyorrhea alveolaris, deposit
of lime concretions on the teeth, atrophy of alveolar processes and
loosening and loss of teeth.

6. The exact way (or ways) in which teeth are loosened is not well
understood.

7. As the loss of teeth appears to be the most serious result of
betelnut chewing, a thorough study of its mechanism and prevention is
eminently desirable.

8. Betelnut chewing does not frequently cause cancer of the mouth,
but there are reasons for believing that, in an as yet undetermined
percentage of cases, it does lead to this result.
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